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The deployment of ligands with large steric bulk has permitted 
the recent isolation of compounds with Si=&' G d e ?  SII=S~,~ 
and P=P4 double bonds. However, despite the considerable 
progress made in the synthesis of these novel species, relatively 
little is known about their rea~tivit ies.~ We report (i) that di- 
phosphenes undergo facile electrophilic attack, (ii) differences in 
the reactivities of alkyl- and aryl-substituted diphosphenes 
(Me3Si),CP=PC(SiMe3)3 (1) and (2,4,6-(t-Bu),C6H2)P=P- 
( 2 , 4 , 6 - ( t - B ~ ) $ ~ H , )  (2), and (iii) an X-ray crystal structure de- 
termination of l .  

Treatment of a solution of 1 in Et20  at -20 "C with an 
equimolar quantity of dry, gaseous HC1 led to fading of the 
yellow-orange color and the formation of the white solid 
[(SiMe3)3CP(H)P(C1)C(SiMe3)3] (3). The high-resolution mass 

(SiMe,),C 
\ j' p-f  
H C ( S I M ~ ~ ) ~  
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spectrum (HRMS) for 3 showed the following (M+): calcd 
560.2081, found 560.2095. The 32.38-MHz 31P(lH} NMR 
spectrum of 3 exhibited two AX patterns of unequal intensity. 
For the more intense spectrum, (3A): 6p, -36.7 (d, lJPp = 224.7 
Hz), hPB 173.6 (d, lJpp = 224.7 Hz). For the less intense spectrum, 

Hz). The following H couplings were obtained from the 'H- 
coupled 31P spectrum, 3A 'Jp,H = 201.6 Hz, 'JpBH = 26.7 Hz; 
3B, 'JPAH = 213.9 Hz, ,JPBH = 25.3 Hz. Treatment of 1 with an 
excess of gaseous HC1 in E t20  resulted in cleavage of the phos- 
phorus-phosphorus bond and formation of [(Me,Si),CP(H)Cl] 
(4). The HRMS for 4 showed the following (M'): calcd 
298.0924, found 298.0933. 31P NMR 6 70.5 (d, IJpH = 160.6 Hz). 
It was not possible to isolate a product analogous to 3 when 2 was 
treated with an equimolar quantity of HCI at -78 "C. Instead, 
complete P=P bond cleavage was observed resulting in 
[(2,4,6-(t-Bu),C6H2)P(H)c1] (5). The HRMS for the M - 1 peak 
of 5 showed the following: calcd 311.1695, found 311.1691. 31P 
NMR 6 26.4 (d, ' JpH = 215.0 Hz). Phosphines of the type 
RP(H)(halogen) are remarkable because they are normally 
unstable.6 

(3B): 6p, -29.4 (d, 'Jpp = 380.8 Hz), 6pB 154.1 (d, ' Jpp  = 380.8 

~~ ~~~ 
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Differences in the reactivity of 1 and 2 were also apparent from 
protonation studies using HBF4.Et20. Treatment of 1 with excess 
HBF4.Et20 in CH2C12 at -78 OC for 2 h produced 
[(Me3Si)3CPH3] [BF,] (6) .  31P NMR data for 6: 6 -56.3 (q, lJpH 
= 502.2 Hz). Protonation of 2 with excess HBF4.Et20 in CH,Cl, 
solution at -78 OC resulted initially in a compound (7) with an 
AX 31P(lH} NMR spectrum (36.43 MHz). The corresponding 
IH-coupled 31P spectrum (-50 "C) showed additional coupling, 
thus indicating the attachment of one hydrogen to each phosphorus 
plus additional fine structure relating to PB: 6,, -86.1 (ddd, lJPp 

lJPp = 290 Hz, 'Jp,HB = 481 Hz, 2JpBHA = 9.8 Hz). On the basis 
of these data we propose the structure shown in eq 1 for 7. We 

= 290 Hz, 'Jp,HA = 229.0 Hz, ,Jp,HB = 6.6 Hz), 6pB 10.6 (ddd, 

8 
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propose further that 7 arises via intramolecular C-H oxidative 
addition of an initially formed two-coordinate phosphorus cation, 
8.' Warming of a solution of 2 in HBF4.Et20 resulted in P-P 
bond cleavage and the formation of 9: 31P('H}NMR 6 17.7 (t, 

An X-ray crystallographic study of 1 was undertaken* because 
of the differences in reactivity of 1 and There are two 
crystallographically independent molecules (A and B) in the 
asymmetric unit, and each contains a crystallographic center of 
inversion at the midpoint of the P=P bond (Figure 1 ) .  The 
phosphorus-phosphorus bond length in molecule A is 2.014 (6) 
A while that in molecule B is 2.004 (6) A; cf. 2.034 (2) 8, in 2.4a 
The P-P-C angles in 1 are approximately 6" wider than those 

I J p H  = 528 Hz). 
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C(6) 

CO-Co = 2.494(1) 

Figure 1. ORTEP drawing of 2 including selected bond lengths (ang- 
stroms). Ellipsoids are scaled to represent 50% probability surface. The 
hydrogen positions shown are those calculated on the basis of idealized 
geometry following their locations on the difference Fourier electron 

Figure 1. View of (Me3Si),CP=PC(SiMep)3 (1) showing the atom 
numbering scheme. Pertinent metric Parameters for mokcule A: p- 
(l)-P(l)’ 2.014 (61, P(I)-c(1) 1.85 (1) A; fl(l)’-p(l)<(l) 108.2 (4)’. 
For molecule B: P(1)-P(1)’ 2.004 (6), P ( l ) - c ( l )  1.87 (1) A; LP(1)’- 
P(1)-C(1) 108.9 (4)’. 

density map, 

in 2, presumably as a result of the larger size of (Me3Si),C over 
(2,4,6-(t-Bu),C6H2). We suggest that this difference in ligand 
size is responsible for the stability of the HC1 addition product 
3 and the absence of a corresponding product from the reaction 
of 2 with HC1. 
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The activation of C-H bonds in hydrocarbons by soluble 
transition-metal complexes has been the focus of intensive recent 
research.’ Its vinyl variant has been relatively unexplored: having 
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frequently been restricted to low-yielding complex cluster reac- 
t i o n ~ . ~  It also suffers from little mechanistic understanding. This 
is surprising, considering the ready availability of alkenes such 
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